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ABSTRACT
T h is  i n v e s t i g a t i o n  i s  a p a r t  o f  a g e n e r a l  program  
o f  r e s e a r c h  w h ich  h as f o r  i t s  p u rp ose th e  c o l l e c t i o n  
o f  d a ta  on d i e l e c t r i c  and s o lv e n t  e f f e c t s  in  s o lu t io n  
k i n e t i c s .  In  t h i s  p a r t ic u la r  c a s e  a s tu d y  was made 
o f  th e  r e g e n e r a t io n  o f  a l k a l i - f a d e d  Brom P h en o l B lue  
b y  h y d r o c h lo r ic  a c id  o f  v a r io u s  n o r m a li t ie s  in  w a te r ,  
and b y  ,09N  h y d r o c h lo r ic  a c id  in  w a t e r -e th y l  a lc o h o l ,  
and w a te r -m e th y l a lc o h o l  m edia o f  v a r io u s  c o m p o s it io n s  
and o f  v a r io u s  c o n s ta n t  d i e l e c t r i c  c o n s ta n ts*
The e x p e r im e n ta l work c o n s is t e d  o f  m easu rin g  
th e  p se u d o u n im o lec u la r  r a t e  c o n s ta n t s  o f  th e  r e g e n e r a t in g  
r e a c t io n  a t  2 5 ° ,  3 5 ° ,  and 4 5 ° ,  The in stru m en t o f  
a n a ly s i s  was a top  r e a d in g  K le t t  C o lo r im e ter  in  w hich  
a l iq u o t  p o r t io n s  o f  th e  r e g e n e r a t in g  s o lu t i o n ,  made 
a lk a l in e *  w ere compared w ith  sam ples o f  th e  sodium  
s a l t  o f  Brom P h en o l B lu e  o f  th e  same dye and 
a lk a l in e  s t r e n g t h .
The lo g a r ith m  o f  th e  r e a c t io n  r a t e  c o n s ta n t  
when p l o t t e d  a g a in s t  th e  squ are r o o t  o f  th e  io n ic  
s tr e n g t h ,  >fJEJ g iv e s  a s t r a ig h t  l i n e ,  f o r  a l l  th r e e  
te m p e r a tu r e s , o v e r  th e  same l im i t e d  ran ge o f  
c o n c e n t r a t io n .  T h is  s u g g e s t s  a r e a c t io n  b etw een  a
v i
v i i
n e g a t iv e  t r i v a l e n t  c& rb in o l io n  and th e  oxonium  io n  
i n  th a t  p a r t ic u la r  range*
The r a t e s  in  w a t e r -e th y l  a lc o h o l  and in  
w a te r -m e th y l a lc o h o l  m edia d id  n o t  conform  t o  e i t h e r  
th e  e l e c t r o s t a t i c  o r  c o l l i s i o n  t h e o r ie s *  Lack o f  
c o n fo r m ity  s u g g e s te d  th a t  th e  oxonium  io n  c o n c e n tr a t io n  
was lo w e r e d  by th e  u n io n  w ith  a lc o h o l  to  form  HOHg 
Io n s*  T h is  th e o r y  i s  to  be t e s t e d  b y  a s tu d y  o f  th e  
r e a c t io n  in  o t h e r  s o lv e n t s .
INTRODUCTION
Da Her ( IS )  h as s a id  th a t  th e  th e o r y  o f  
r e a c t io n  v e l o c i t y  i s  in  i t s  sw a d d lin g  c lo t h e s  as  
com pared w ith  th e  t h e o r ie s  o f  therm odynam ics and  
e l e c t r o l y t i c  co n d u ctio n *  H owever, g e n e r a l  p r in c ip l e s  
o f  s o lu t io n  k i n e t i c s  a re  g r a d u a lly  b e in g  d e v e lo p e d  
w h ich  a re  s a t i s f a c t o r y .  These p r in c ip l e s  have a s  
t h e i r  fo u n d a t io n  th e  work done by su c h  men a s  
A r r h e n iu s , B r o n s te d , D eb ye, H u ck el, M oelwyn-H ughes, 
and S ca tch ard *
The m odem  th e o r y  o f  e l e c t r o l y t e s  (5 )  p r e d ic t s  
th a t  th e  p r e s e n c e  o f  e l e c t r i c  ch a rg es  w i l l  a f f e c t  th e  
number o f  r a te  d e ter m in in g  c o l l i s i o n s  in  two w ayss 
(a )  th rou gh  th e  e l e c t r i c a l  r e p u ls io n  (o r  a t t r a c t i o n )  
b etw een  r e a c t a n t s  and, (b ) th rou gh  th e  io n i c  atm osphere  
(B ro n ste d  p r ir a r y  s a l t  e f f e c t )  w h ich  d is t u r b s  th e  
s t a t i s t i c a l  d i s t r i b u t i o n  o f  th e r e a c ta n t  Io n s as a 
f u n c t io n  o f  a l l  Io n s  i n  th e sy s te m . The e l e c t r i c a l  
r e p u ls io n  I s  dep en d en t upon th e  d i e l e c t r i c  c o n s ta n t  
w h ile  th e  I o n ic  atm osphere d is tu r b a n c e  i s  d ep en d en t  
upon th e  s o lv e n t  a c t io n .
A cco rd in g  to  th e  o b s e r v a t io n  o f  S v ir b e ly  and  
Warner ( 2 0 ) ,  th e  m ost pronounced in f lu e n c e  upon th e  
r e a c t io n  r a te  c o n s ta n t  a t  c o n s ta n t  tem p eratu re i s  v e r y
1
2l i k e l y  th e  d i e l e c t r i c  c o n s ta n t  o f  th e  s o lv e n t*
D a n ie ls  (1 0 )  b e l i e v e s  th a t  co m b in a tio n  
b etw een  s o lu t e  and s o lv e n t  i s  r e s p o n s ib le  fo r  th e  
e f f e c t  o f  s o lv e n t s  i n  th e  m a jo r ity  o f  c a se s*  T h is  
s o lv a t i o n  may g iv e  an  in te r m e d ia te  com plex* I f  th e  
com plex i s  s t a b le  th e  r e a c t io n  w i l l  go s lo w ly ,  i f  
u n s ta b le  i t  w i l l  go r a p id ly *
Amis and h i s  s tu d e n ts  ( 3 ,4 ,7 )  have r e c e n t ly  
co m p le ted  th r e e  I n v e s t ig a t io n s  o f  th e  d i e l e c t r i c  
and s o lv e n t  e f f e c t s  on r e a c t io n s  in  s o lu t io n *  T h is  
p r e s e n t  I n v e s t ig a t io n  i s  a n o th er  s tu d y  o f  th e  same 
prob lem  a s  a p p lie d  to  the r e g e n e r a t io n  In  a c id  s o lu t io n  
o f  a l k a l i  fa d e d  Brom p h en o l B lu e .
REVIEW OP THE LITERATURE
B e fo r e  th e  p u b l ic a t io n  o f  th e  r e s e a r c h  by  
S v lr b e ly  and W arner (2 0 )  on th e  r e a c t io n  o f  ammonium 
and c y a n a te  io n s  In  i s o d i e l e c t r i c  s o lv e n t  m ix tu re s  
o f  w a te r -m e th y l a lc o h o l*  a l l  e x p e r im e n ta l work had  
b een  c o n f in e d  to  a s tu d y  o f  r e a c t io n  r a t e s  In  w a ter  
o r  In  m ixed  s o lv e n t s  o f  f i x e d  c o m p o s it io n . S v lr b e ly  
and Warner o b se r v e d  In  th e  c a se  o f  th e  r e a c t io n  b etw een  
ammonium and c y a n a te  io n s  t h a t  th e  A rrh en iu s B term  
v a r ie d  In  I s o c o m p o s it io n  media* b u t was c o n s ta n t  In  
i s o - d i e l e c t r i c  m edia* T hese o b s e r v a t io n s  were l a t e r  
c o n fir m ed  b y  th e  f in d in g s  o f  Lander and S v lr b e ly  (14 )  
u s in g  th e  same r e a c t io n  In  w a t e r - g ly c o l  m ed ia; and  
b y  Amis and La Mer (5 )  i n v e s t i g a t i n g  th e  fa d in g  o f  
Brom P h en o l B lu e  i n  w a ter—a lc o h o l  m ix tu res*
La Mer h as d e r iv e d  th e  form u la
D I T  bT {±)
show ing th a t  when th e  d i e l e c t r i c  c o n s ta n t  o f  th e  m edia 
d o es n o t  vary* th e  p a r t  o f  th e  en tr o p y  o f  a c t i v a t i o n  
a r i s i n g  from  e l e c t r o s t a t i c  f o r c e s  b etw een  ch arged  
r e a c t a n t s  i s  zero*  In  E q u a tio n  (1 )*  Sj) i s  th e  en tro p y  
o f  a c t iv a t io n *  and Fp th e  f r e e  en erg y  o f  a c t i v a t i o n  
f o r  a r e a c t io n  ta k in g  p la c e  In  a medium o f  u n v a ry in g
3
d i e l e c t r i c  c o n s ta n t*  0* T h is  i s  an e x p la n a t io n  o f  the  
c o n s ta n c y  o f  B in  i s o - d i e l e c t r i c  m ed ia , s in c e  th e  
change o f  B w ith  c o m p o s it io n  o f  s o lv e n t  i s  l a r g e l y  due 
t o  t e s s e r a  t t t r e . c o e f f i c i e n t s  o f  th e  d i e l e c t r i c  c o n s ta n t  
o f  th e  s o lv e n t*
S t a r t in g  w ith  th e  B r o n sted  (8 )  C h r is t ia n s e n  (9 )  
S c a t  ch a rd  (1 7 )  e q u a t io n  Amis and Holmes (4 )  d e r iv e d  
an  e q u a t io n
r  __
ZA Zg e 2 3 W'B ZA ZB e 37?V/ i ;u!/i
[2 )
dD
f o r  th e  d i f f e r e n c e  in  th e  en erg y  o f  a c t i v a t i o n  in  
i s o - c o m p o s i t io n  and i s o d i e l e c t r i c  m edia* In  E q u a tio n  
( 2 ) t f £  anddE* are  e n e r g ie s  o f  a c t i v a t i o n  f o r  i s o -  
c o m p o s it io n  and i s o d i e l e c t r i c  m edia r e s p e c t i v e l y ,  
and Zg a re  th e  v a le n c e s  o f  th e  r e a c ta n t  i o n s ,  
e  i s  th e  e l e c t r o n i c  c h a r g e , r  th e  r a d iu s  o f  th e  B ro n sted  
com p lex , K th e  B oltzm ann g a s  c o n s t a n t ,  D th e  d i e l e c t r i c  
c o n s ta n t  o f  th e  m ed ia , and ji th e  i o n i c  s tr e n g th *
R, T a n d iT have t h e i r  u s u a l  s ig n i f i c a n c e *  U sin g  the  
same k i n e t i c  e q u a t io n  Amis and Cook (3 ) d e r iv e d  th e  
e q u a t io n  _
B -  B = ZAZBW° 2 1 _
C D 2 .3I)2r |_t  10  V 10 CRT _ l  d f
f o r  th e  d i f f e r e n c e  in  th e  Arrhenium  fr e q u e n c y  f a c t o r
B , when com paring k i n e t i c  m easurem ents in  c o n s ta n t
c o m p o s it io n  and c o n s ta n t  d i e l e c t r i c  c o n s ta n t  m edia*
|  27TH M I 
 10  D T _ i
3 e  .1 FM dD (3 )
5S in c e  dD/dT i s  n e g a t iv e  f o r  o r d in a r y  s o lv e n t s  th e  
e q u a t io n  f u r t h e r  shows th a t  f o r  io n s  o f  l i k e  s ig n  th e  
A rrh en iu s  B o b se r v e d  in  c o n s ta n te o m p o s lt io n  m edia i s  
l e s s  th a n  th e  same q u a n t ity  m easured  in  i s o d i e l e c t r i c  
s o lv e n t s  and v i c e  v e r s a  f o r  io n s  o f  u n l ik e  s ig n *
in  s o lv e n t  m ix tu r e s  Amis (2 )  h as shown th a t  th e  change  
o f  e n e r g y  o f  a c t i v a t i o n  b etw een  th e  d i f f e r e n t  io n ic  
ty p e s  when th e  r e a c t io n  r a t e s  are m easured in  d i f f e r e n t  
c o n s ta n t  d i e l e c t r i c  c o n s ta n t  m edia i s  a change in  the  
c a ilo m b ic  e n e r g ie s  o f  th e  io n s*
e q u a t io n  . k=k0  ^ ^nown a s  tiie  k i n e t i c  a c t i v i t y
f a c t o r .  The a c t i v i t y  c o e f f i c i e n t s  can  b© e v a lu a te d  in  
term s o f  th e  Debye H uckel L im itin g  Law e x p r e s s io n  fo r  
a c t i v i t y  c o e f f i c i e n t s  to  g iv e  th e  e q u a tio n
T h is  e q u a t io n  g iv e s  a l in e a r  r e la t io n s h ip  
b etw een  lo g  k  and low  v a lu e s  o f  th e  square r o o t  o f  th e  
i o n i c  s t r e n g t h .  Log kQ i s  th e  in t e r c e p t  on th e  lo g  k
e x p r e s s io n  i n  b r a c k e t s  com posed o f  m easu rab le q u a n t i t i e s  
and u n iv e r s a l  c o n s ta n ts  r e p r e s e n ts  the s lo p e  o f  th e  
l i n e .  S in c e  ZAZB i s  th e  p ro d u ct o f  the v a le n c e s  o f  
th e  two r e a c t in g  io n s  th e  s lo p e  o f  th e  l i n e  can  be
A fte r  s tu d y in g  th e  p u b lish e d  d a ta  on r e a c t io n s
The term  in  th e  B ro n sted -3 jerru m  (1 1 )
1000 D X l
(4 )
a x i s  o b ta in e d  by e x t r a p o la t in g  to  \|p  = 0 .  The
6u s e d  to  d eterm in e  th e  m echanism  o f  th e  r e a c t io n  
w h ich  g iv e s  a s t r a i g h t  l in e #
The g e n e r a l  k i n e t i c  e q u a t io n  ( 8 } { 9 ) { 1 7 )  
ca n  be w r i t t e n
Za&b 1  ZaZc k , _.
I n  k  «  i n  it*  -  - = - £  -------------- +  - £ - £  .   (5 )
DJ® rA+  pb OCT 1 + a»
In  t l i i s  e q u a t io n  k  i s  th e  r e a c t io n  r a te  c o n s ta n t
e x t r a p o la te d  to  i n f i n i t e  d i e l e c t r i c  c o n s ta n t ,  r^ -h r^
i s  t h e  r a d iu s  o f  th e  B ro n sted  co m p lex , and th e
sym bol )$ r e p r e s e n ts  D ebye’ s  kappa* We can  by
e x t r a p o la t in g  I n  k  a s  a  f u n c t io n  o f  )$ to  ss 0
e l im in a t e  th e  prim ary s a l t  e f f e c t  r e p r e s e n te d  b y
th e  l a s t  term  In  e q u a t io n  (5 )  and o b ta in
I n  = i n  k .  -  *     ^5  K t  rA+  rB
I f  we p l o t  In  a g a in s t  l / D  a s t r a ig h t  l i n e  i s
o b ta in e d  a t  h ig h e r  d i e l e c t r i c s  o f  th e  s o lv e n ts #
The s lo p e ,  S , o f  th e  l i n e  can  be fou nd  by s u b s t i t u t io n
s  s  d l n  ^ “ 0  _  ZftZB e 2  1  ( 7 )
d ( l /D )  KT r A+ r B
u s in g  lo g a r ith m s  to  th e  b a se  10  we o b ta in  th e  r a d iu s
o f  th e  B r o n ste d  Complex 
ZAZB ®S
P . +  r  * ----------------------  (8 )
*  B 2 .3 0 3  SKf
Amis and La Mer (5 )  a s  w e l l  as o th e r s  (2 0 )  have u sed
7t h i s  e q u a t io n  f o r  d e te r m in in g  th e  p aram eter ,  r ^ ,
i n  th e  B ora term  o f  e q u a t io n  ( 5 ) .
Amis and La Sler (5 )*  s tu d y in g  th e  k i n e t i c s  o f  
th e  fa d in g  o f  b rom 'p h en ol b lu e ,  o b se rv ed  th a t  the dye 
c o u ld  be r e g e n e r a te d  a t  a m easu rab le  r a t e  i f  th e  
a lk a l in e  s o lu t io n s  w ere n e u t r a l iz e d  and a s l i g h t  e x c e s s  
o f  a c id  added* The fa d in g  r e a c t io n  m echanism  was g iv e n  
by th e s e  a u th o r s  to  be th e  fo rm a tio n  o f  th e  c o l o r l e s s  
c a r b in o l  from  th e  n e g a t iv e  u n iv a le n t  h y d ro x id e  io n  and 
th e  n e g a t iv e  b iv a le n t  brom p h en o l b lu e  io n .  Amis 
and La Mer (5 )  fu r th e r  showed th a t  e l e c t r o s t a t i c  e f f e c t s  
a cc o u n ted  m a in ly  f o r  th e  d a ta  o b ta in e d  on t h i s  r e a c t io n  
i n  is o c o m p o s it io n  and in  i s o d i e l e c t r i c  w a te r -e th y l  
a lc o h o l ,  and i n  w a te r -m e th y l a lc o h o l  m ed ia . Hochberg. 
and La M©r (1 2 ) showed th a t  th e  fa d in g  o f  many 
p h th a le in  d y es  conform ed to  th e  c a r b in o l  fo r m a tio n  
m echanism , and th a t  th e r e g e n e r a t io n  r e a c t io n  r a t e s  
were d i r e c t l y  p r o p o r t io n a l  to  th e  a c t i v i t y  o f  w ater  
in  w a te r -m e th y l a lc o h o l  s o lv e n t*
In  t h i s  i n v e s t i g a t i o n  a stu d y  was made o f  th e  
r e g e n e r a t io n  o f  a l k a l i  fa d ed  brom p h en o l b lu e  by 
h y d r o c h lo r ic  a c id  o f  v a r io u s  n o r m a li t ie s  in  w a te r , and 
b y  h y d r o c h lo r ic  a c id  o f  0 .09N  In  w a to r -e th y l  a lc o h o l  and 
w a te r -m e th y l a lc o h o l  m edia o f  v a r io u s  c o m p o s it io n s  and 
o f  v a r io u s  c o n s ta n t  d i e l e c t r i c  c o n s t a n t s .
PREPARATIOH OF MATERIALS
The brom p h en o l b lu e  u se d  in  th e se  s t u d ie s  
was Eastm an Ho* 752 te tra b ro m o p h en o l s u lfo n p h th a le in  
o f  th e  same q u a l i t y  as th a t  u se d  by Amis and La Mer* 
S to c k  s o lu t i o n s  o f  t h i s  dye 2*4 x  1 0 ~ 3m o lsr  w ere made 
up a s  d e s c r ib e d  b y  th e s e  a u th o r s ;  th e  sodium  h y d ro x id e  
s o lu t io n s  were mad© up and s ta n d a r d ise d  by th e  same 
m ethods th e y  u sed *
H y d ro c h lo r ic  a c id  s to c k  s o lu t io n s  about 
1*5006  H were p rep a red  by d i l u t i n g  C.P* B a k er1s  
a n a ly s e d  h y d r o c h lo r ic  a c id  and s ta n d a r d is in g  a g a in s t  
th e  sodium  h y d ro x id e*  u s in g  p h e n o lp h th a le in  as an 
in d i c a t o r .  In  a l l  c a s e s  more than  50 m i l l i l i t e r s  o f  
e a c h  s o lu t i o n  was u s e d , and in  no c a se  was a v a r ia t io n  
from  th e  mean o f  th e  number o f  m i l l i l i t e r s  u sed  o f  more 
th a n  2 p la c e s  in  3000 a c c e p te d  a s  s a t i s f a c t o r y *
A b so lu te  e t h y l  a lc o h o l  and C.P* a c e t o n e - f r e e  
m eth y l a lc o h o l  w ere fu r th e r  p u r i f i e d  by th e m ethod  
d e s c r ib e d  by Lund and Bjerrum  (1 5 )*
A l l  v o lu m e tr ic  a p p a ra tu s  and w e ig h ts  were 
c a l ib r a te d *  The tem p era tu res  w ere d eterm in ed  w ith  
Bureau o f  S tan d ard s th erm om eters, and were h e ld  c o n s ta n t  
to  ± .0 .0 1 °C *
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EXPERIMENTAL
Ton m i l l i l i t e r s  o f  th e  2*4 x  l 0 ““*-; m olar s to c k  
s o lu t io n  o f  brom p h en o l b lu e  were made up to  100  
m i l l i l i t e r s  w ith  w a ter  and a volum e o f  th e  stan d ard  
a l k a l i  s u f f i c i e n t  to  make th e  r e s u l t i n g  m ix tu re  0 ,1 0 0 0  
norm al In  sodium  h y d ro x id e  and 2 ,4  x  10~4 m olar In  d y e . 
T h is  s o lu t io n  was a llo w e d  to  fa d e  to  th e  c o l o r l e s s  
c o n d it io n *  th e  tim e r e q u ir e d  b e in g  from 4 to  15  hours  
d ep en d in g  upon th e  tem p e ra tu re . The fa d e d  s o lu t io n  
and w a ter  were p la c e d  in  a th e r m o sta t  and a llo w e d  
to  ccme t o  th e  tem p era tu re  a t  w h ich  th e  run was to  be 
made* Ten m i l l i l i t e r s  o f  th e  fa d ed  dye were d i lu t e d  
w ith  w a ter  and s u f f i c i e n t  s to c k  s o lu t io n  o f  h y d r o c h lo r ic
c
a c id  to  g iv e  a m ix tu re  2 ,4  x  10 m olar In  fa d ed  dye 
and a c id  n o r m a lity  o f  th e  s tr e n g th  d e s ir e d .  A sta n d a rd  
n e u t r a l  s o lu t io n  o f  u n fa d ed  dye o f  th e  same m o la r ity  
a s  th e  fa d ed  dye In  th e  ru n  was a ls o  p la c e d  In th e  
th e r m o s ta t .  To make a r e a d in g  5 m i l l i l i t e r s  o f  reg en er~  
a t in g  s o lu t io n  were p ip e t t e d  In to  a c le a n  dry t e s t  tube  
and th en  5 m i l l i l i t e r s  o f  th e  sta n d a rd  were p ip e t t e d  
I n to  a n o th e r  c le a n  dry t e 3 t  tu b e . One m i l l i l i t e r  o f  
sodium  h y d ro x id e  o f  th e  c o r r e c t  s tr e n g th  to  g iv e  a 
s o lu t io n  0 .1 0 0 0  H In  a l k a l i  was added to  th e tube  
c o n ta in in g  th e  s ta n d a r d , and th e  r e g e n e r a t in g  s o lu t io n
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was a l s o  b rou gh t to  0 * 1 0 0 0  N In  so dium h y d ro x id e  by  
th e  a d d it io n  o f  one m i l l i l i t e r  o f  a l k a l i  o f  a d i f f e r e n t  
n o rm a lity *  The tim e was no>ted» th e  s o lu t io n s  shaken  
v ig o r o u s ly  and p oured  in t o  th e  c o lo r im e te r  cups and th e  
a v e r a g e  o f  f i v e  s e t t i n g s  o f  th e  sam ple a g a in s t  th e  
s ta n d a rd  was ta k en  a s  th e  read in g*  The t o t a l  tim e  
consum ed In  m aking a r e a d in g  a v era g ed  about 3 m in u tes*  
Any fa d in g  o f  th e  ru n  d u rin g  th e  tim e o f  r e a d in g  was 
o f f s e t  by  a l i m i l a r  fa d in g  o f  th e  s ta n d a r d . For the  
ru n s in  w a t e r -a lc o h o l  s o lv e n t  m ix tu re s  th e  d i l u t i o n  o f  
th e  s to c k  dye s o lu t io n s  were made w ith  the c o r r e c t  
p ro p o rtio n ^  (d e te r m in ed  from  A k e r lo f* s  d ata  (1 )  ) .  o f  
th e  two s o lv e n t s  to  g iv e  th e  p e r c e n ta g e  c o m p o sit io n  
o r  d i e l e c t r i c  c o n s ta n t  o f  s o lv e n t  d e s ir e d *  S tand ard s  
were made to  conform  to  th e  runs in  s o lv e n t  c o m p o s it io n .  
The ru n s in  w a te r —a lc o h o l  were a l l  made to  an a c id  
s t r e n g t h  o f  0*09 S . The In stru m en t u se d  f o r  a n a ly s i s  
was a K le t t  C o lo r im e te r . A Mazada lamp w ith  a b lu e  
f i l t e r  fu r n is h e d  i l lu m in a t io n .
BATA
T y p ic a l runs a re  r e c o r d e d  in  T a b les  I -A , I -B ,  
and I I*  The k .^ v a lu e s  in  a l l  c a s e s  were c a lc u la t e d  a s  
p se u d o -u n im o le c u la r  r a te  c o n s ta n ts  by th e  form u la  
kjj = 2 .3 0 o /1  lo g  a /a  -  x  
w here ( t )  i s  the tim e In  d a y s . These v a lu e s  were th en  
c o n v e r te d  to  th e  b im o le c u la r  c o n s t a n t s ,  k , in  m oles per  
l i t e r  p er  day by d iv id in g  by the c o n c e n tr a t io n  o f  a c id *  
D u p lic a te  ru n s gave a v e r a g e 1? jy v a lu e s  w hich  d id  n o t  
v a r y  more th an  1% from  th e  mean.
T ab le I I I  c o n ta in s  k v a lu e s  m easured in  w ater  
a t  2 5 ° ,  3 5 ° ,  and 4 5 ° ,  and w ith  v a r io u s  n o r m a li t ie s  o f  
BCl and i o n i c  s t r e n g t h s .  T h is  t a b le  a l s o  c o n ta in s  
e n e r g ie s  o f  a c t i v a t i o n  and freq u e n cy  f a c t o r  v a lu e s  fo r  
th e  tem p era tu re  I n t e r v a l s  2 5 ° -3 5 °  and 3 5 ° -4 5 °*  In  
T ig s .  I  and I-A  a p l o t  o f  the lo g  k v e r su s  n r  i s  
^ iv e n  f o r  th e  th r e e  tem p era tu res  2 5 ° , 3 5 ° ,  and 4 5 ° .
In  F ig .  I-A  th e  s t r a ig h t  l i n e s  drawn th rou gh  th e  p o in ts  
ovei a l im i t e d  r e g io n  o f  i o n i c  s tr e n g th s  have th e  s lo p e s  
p r e d ic t e d  by th e  D ebye-H uckel L im itin g  Law f o r  a r e a c t io n  
b etw een  a u n iv a le n t  Ion  and a t r i v a le n t  io n  o f  o p p o s ite  
s i g n s .  S in c e  th e r e g e n e r a t io n  i s  b rought about by
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th e  oxonlum  i o n ,  we o f f e r  fo r  t h i s  r e g io n  o f  i o n ic  
s t r e n g t h  th e  f o l lo w in g  m echanism  f o r  th e  r e a c t io n
The e q u i l ib r a  in v o lv e d  w ere d is p la c e d  fa r  to  th e  r ig h t  
a t  th e  c o n c e n tr a t io n  studied-*
t h a t  th e  t r i v a l e n t  c a r b in o l  io n s  c o u ld  n o t e x i s t  in  
s i g n i f i c a n t  c o n c e n tr a t io n  s in c e  th e  p h en o l groups are  
o n ly  w eak ly  a c id  (2 1 )*  For v e r y  weak a c id s  the law  
o f  m ass a c t io n  w ould  r e q u ir e  su ch  to  be th e  case*
The t r i v a l e n t  io n s  may n o t  be m o le e u la r ly  d is p e r s e d  
c a r b in o l  a t  a l l *  A p o s s ib le  sou rce  o f  th e  t r i v a l e n t  
n e g a t iv e  io n s  ta k in g  p a r t  in  t h i s  r e a c t io n  i s  the  
a s s o c i a t io n  o f  th e  fa d e d  u n iv a le n t  s u lfo n p h th a le in  io n s  
in t o  grou p s o f  th r e e  th rou gh  hydrogen  bonds g iv in g  ea ch  
su ch  a s s o c ia t e d  p a r t i c l e  th r e e  r e l a t i v e l y  s tr o n g  s u l f o n ic
( 10)
A cid  C o lo r
In  HC1 o f  th e  s t r e n g t h s  u se d  i t  I s  p o s s ib le
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a c id  grou p s w hich  c o u ld  a l l  io n iz e *  That t h i s  i s  by  
no means im p o s s ib le  i s  shown by the o b s e r v a t io n  o f  
Amis and La Mer (6 )  t h a t ,  ev en  in  v e r y  d i lu t e  s o lu t io n s ,  
th e  fa d e d  brom p h en o l b lu e ,  when a c i d i f i e d ,  s e t s  to  a 
g e l .  T h is  g e l  fo r m a tio n  i s  a t t r ib u t e d  p o s s ib ly  to  
h yd rogen  bonds* F u rth erm ore, th e  change o f  the s lo p e  
o f  th e  lo g  k v e r s u s  |fJT cu rve  in  more d i l u t e  s o lu t io n s  
can  be e x p la in e d  by a ch a n g in g  d eg ree  o f  m o le c u la r  
d is p e r s io n  w it h  ch a n g in g  a c i d i t y .  To su p p o rt t h i s  
p o in t  o f  v ie w , we have th e  th e o r y  o f  W olfgang O stw ald  
(1 6 )  t h a t  th e  a c tu a l change i n  c o lo r  o f  an in d ie s t o r  
w ith  change i n  pH I s  due to  an a l t e r a t i o n  in  th e  d eg ree  
o f  m o le c u la r  d is p e r s io n  o f  th e  d y e . He shows th a t  in  
th e  c a s e  o f  © ngo ru b in  th e  change in  c o lo r  a c t u a l ly  
c o in c id e s  w it h  a change in  d eg ree  o f  d i s p e r s io n  o f  th e  
m o le c u le s .
I n  t a b le s  IV and V are  g iv e n  the v a lu e s  o f  k , 
a e * ,  and B in  is o c o m p o s it io n  and In  i s o d i e l e c t r i c  
w a t e r - e t h y l  a l c o h o l ,  and in  w a te r -m eth y l a lc o h o l  m ed ia .
In  th e  w a ter  and w a te r -a lc o h o l  is o c o m p o s it io n  runs th e r e  
i s  a marked tem p era tu re  c o e f f i c i e n t  o f  b o th A E  and B.
B oth  th e s e  q u a n t i t i e s  are f a i r l y  c o n s ta n t  fo r  i s o d i e l e c t r i c  
ru n s e x c e p t  fo r  th e  35° -  4 5 ° tem p eratu re range f o r  th e  
d i e l e c t r i c  c o n s ta n t  7 1 .4 2 .  In  t h i s  ca se  th e  runs were 
made in  pure w a ter  a t  45^ and In  w a te r -a lc o h o l  a t  35 
and b o th  A S *  and B a re  l e s s  in  th e s e  c o s e s .  T h is I s  
n o t s u r p r is in g  s i  n e e ; a s  w i l l  be shown l a t e r ,  the
a lc o h o l i c  s o lv e n t s  have v e r y  s p e c i f i c  e f f  c t s  on th e  
r a t e s ,  i n  F ig .  2 ,  lo g  p lo t t e d  a g a in s t  l / D .
S t r a ig h t  l i n e s  a re  o b ta in e d  o v e r  th e  ra n g e  o f  
d i e l e c t r i c  s t u d ie d ,  b u t th e  s lo p e s  are o p p o s it e  to  th e  
r eq u ir em en ts  o f  th e o r y  f o r  th e  r e a c t io n  b etw een  io n s  
o f  o p p o s it e  s i g n .
I f  we p l o t  th e  d a ta  o f  S v lr b e ly  and Schramm
(1 9 )  f o r  th e  r e a c t io n  b etw een  th e  p o s i t i v e  u n :'v a len t
ammonium io n  and th e  n e g a t iv e  u n iv a le n t  c y a n a te  io n
i n  w a te r -m e th y l a lc o h o l  s o lv e n t  m ix tu r e s ,  F ig .  3 , and
s u b s t i t u t e  th e  s lo p e ,  S ,  in  e q u a t io n  8 ,  we o b ta in  a
—8v a lu e  o f  2 .2  x  10  cm. f o r  th e  r a d iu s  o f  th e  B ro n sted  
Com plex. In  l i k e  m anner, th e  d a ta  o f  bander and S v lr b e ly  
(1 4 ) f o r  th e  same r e a c t io n  in  w a te r ~ g ly c o lv m ix tu r e s ,  
a l s o  F ig .  3 ,  g iv e s  a v a lu e  o f  2 .5  x  1 0 “ 6cm. These 
v a lu e s  are  r e a s o n a b le .  However, t h i s  method a p p lie d  
to  th e  r e g e n e r a t io n  r e a c t io n ,  in  w h ich  th e  rea ct& n ts  
b ea r  th e  same ch arge s ig n ,  w i l l  g iv e  n e g a t iv e  v a lu e s  
o f  th e  p a ra m eter , r A+  rg  .  Such v a lu e s  a r e ,  o f  c o u r s e ,  
w ith o u t  s ig n i f i c a n c e  and r e s u l t  from  th e  f a c t  th a t  the  
e f f e c t s  o f  th e  s o lv e n t  upon th e  r e a c t io n  are  in  d ir e c t  
o p p o s i t io n  to  th e  p r e d ic t io n s  o f  e l e c t r o s t a t i c s .  T h is  
s lo p e ,  how ever co n firm s th e  o b s e r v a t io n s  o f  Amis and 
Holmes (4 ) th a t  when one o f  th e  r e a c ta n ts  i s  B30 and 
one component o f  th e  s o lv e n t  i s  a lc o h o l ,  the fo r m a tio n
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't- +-Of RQHg r e d u c e s  th e  c o n c e n tr a t io n  o f  HgO to  such  an
e x t e n t  t h a t  th e  e l e c t r o s t a t i c  e f f e c t  o f  th e  d i e l e c t r i c
c o n s ta n t  o f  th e  s o lv e n t  i s  overcom e and th e  o p p o s ite
tr e n d  o f  k  w ith  d i e l e c t r i c  c o n s ta n t ,  th an  th a t
p r e d ic t e d  by th e  th e o r y , i s  ob served *
I f  th e  fo r m a tio n  o f  ROHg'ion i s  th e  e x p la n a t io n
o f  th e  o b se r v e d  d a ta ,  th en  s o lv e n t s  c o n ta in in g  m eth y l
a lc o h o l  sh o u ld  show l e s s  d e v ia t io n  in  their rates from
th o s e  In  pure w a te r , th an  s o lv e n t s  c o n ta in in g  e t h y l
a lc o h o l*  T h is  i s  tr u e  b ec a u se  th e  CH^ OHg" io n  I s  more
h ig h ly  h y d r o ly se d  th an  I s  th e CgHgOH^ Ion  <18)*
F u rth erm ore, th e  r a t e s  in  w a te r -a lc o h o l  s o lv e n t s  sh o u ld
v a ry  from  th e  r a t e s  in  pure w a te r  to  a l e s s e r  d eg ree  a t
g r e a t e r  d i l u t i o n s  o f  a lc o h o l  and a t  h ig h e r  tem p era tu res ,
s in c e  HOHg io n s  are h y d r o ly z e d  to  a g r e a t e r  e x te n t
u n d er l  e s e  c o n d it io n s  (1 8 )*  Table VI c o n ta in s  the
p e r c e n ta g e  d e v ia t io n s  from  th o se  in  pur© r a t e r  o f  th e
r a t e  c o n s ta n t s  a t  v a r io u s  tem p era tu res  and a t  v a r io u s
m ol p e r c e n t s  o f  a lc o h o l  in  w a t e r -e th y l  a lc o h o l ,  and in
w a te r -m eth y l a lc o h o l  m edia* I t  I s  o b se r v a b le  th a t  the
c o n s ta n t s  i n  w a ter -m eth y l a lc o h o l  are a lw ays more n e a r ly
e q u a l to  th o se  in  pure w a ter  than th o se  In  w a te r -e th y l
a lc o h o l  m edia a t  l i k e  mol p e r c e n ts  o f  a lc o h o l*  & lso
th e r e  i s  a ten d en cy  f o r  p e r c e n ta g e  d e v ia t io n  to  d ec r ea se
w ith  d e c r e a s in g  mol p e r c e n ts  o f  a lc o h o l  and w ith
I n c r e a s in g  tem perature*
I t  i s  o f  i n t e r e s t  to  compare the r e a c t io n  b etw een
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fa d e d  dye and a c id  Td th  th e p r e d ic t io n s  o f  th e  
c o l l i s i o n  th e o r y  to  s e e  I f  th e  f a i l u r e  o f  e l e c t r o s t a t i c  
th e o r y  i s  a l s o  r e f l e c t e d  in  d e v ia t io n s  from  th e  form er  
th e o r y .  Comparing the c o l l i s i o n  and thermodynam ic r a te  
t h e o r i e s ,  i t  can  he shown .that
RT 4*^  <1‘
PZ = Mh * ‘K  ( 1 1 )
Here Z°  I s  th e  ga s  k i n e t i c  c o l l i s i o n  fr eq u e n c y  and P
r e p r e s e n t s  th e  d e v ia t io n  from th e  c o l l i s i o n  th e o r y .
I f  P i s  ta k en  a s  u n i t y ,  th e  c o l l i s i o n  d ia m eter  g iv e n
b y  lo g  (S' *  1 / 2  & £  J S 1  X l M t L  1  +  . , A S .!...
"• [isZh \ j  a  IT Mi+Kg J 4 .6 0 6  R
1 / 2  l o g 5  r “  * * *  1 1 /2  r»  -  io «  s i
10 
.H^b \
( 1 2 )
8fT Mi-t-Mg 1 1 Hh
w i l l  I n d ic a t e  by i t s  v a lu e s  th e  agreem ent b etw een  
o b s e r v a t io n  and th e o r y . T aking B eq u a l to  2 3 .8 3  
(d a y s" 1 ) and B eq u a l to  2 1 .3 2  (days*"1 ) f o r  w a te r -  
e t h y l  a l c o h o l ,  and f o r  w a ter -m e th y l a lc o h o l  s o lv e n t s  
r e s p e c t i v e l y ,  and lo g  RT/Nh a s  1 7 .7 3  (d ays g iv e s  
e q u a l to  2 .6 3  x  10“ 5 and 1 .4 8  x  1 0 “6 cm. fo r  th e  
two s o lv e n t s ,  when Mq i s  1 9 .0 2  and ^ i s  6 8 3 .7 .  We 
s e c  th a t  in  w a t e r -e th y l  a lo h o l  6^  i s  o f  th e  ord er o f  
1 0 3 t  Imes as la r g e  a s I t  should, b e , w h ile  In w a ter— 
m eth y l a lc o h o l  i t  I s  1 0 e t im e s  to o  la r g e .  I f  we l e t  
be 2 .6 3  x  10" 8 and 1 .4 8  x  1 0 “ 8 in  w a te r -e th y l  
a lc o h o l  and in  w a te r -m eth y l a lc o h o l  r e s p e c t i v e l y ,  th e
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O
d e v ia t io n  as r e p r e s e n te d  by p becom es 1*0 x  10  
and 1 x  1 0 6 f o r  th e  two m edia* Thus the la c k  o f  
c o n fo r m ity  w ith  th e e l c t r c s t s t i c  th eo ry  p a p a l l e l s  a 
s im i la r  d e v ia t io n  from  th e  p r e d ic t io n s  oX1' th e c o l l i s i o n  
th eo ry *  A lso  th e  d e v ia t io n  from  th e  l e t t e r  th e o r y  i s  
g r e a t e r  i n  w a t e r - e t h y l  a lc o h o l  than in  w a te r -m e th y l  
a lc o h o l  in  agreem ent w ith  th e  o b s e r v a t io n s  on the  
e l e c t r o s t a t i c  v a r ia t io n *  The a u th o r  and a d v iso r  are  
c o n t in u in g  th e  in v e s t i g a t i o n  o f  th e  dye r e g e n e r a t io n  
r e a c t io n  in  o th e r  s o lv e n t s *
TABLE 1-A
K in e t ic s  o f  th e  R e g e n e r a tio n  o f  Brom p h en o l B lu e  in  W ater
8 5 °
Min. HC1 ..003N  
1 0 5 x  Cone* 
o f  B .P #B . 
r e g e n e r a te d
10 M in. HC1 .004K  1 0 4k„
" , 1 0 s  *  c o n e . " ,
(m in- 1 ) o f  B .P .B . (m in"1 )
r e g e n e r a te d
951 0 .4 8 0 2 .3 4 565 0 .3 7 5 2 .4 0
1134 0*520 2 .1 5 855 0 .4 4 2 1*93
1249 0 .5 8 4 2 .2 3 965 0 .5 3 8 2 .1 5
1400 0 .6 2 4 2 .1 6 1225 0 .7 2 0 2.-34
2255 0 .8 6 5 1 .9 8 1385 0 .9 1 2 2 .7 4
2493 0 .8 9 0 1 .9 4 2105 1 .1 0 2 .3 0
2663 0 .9 6 0 1 .9 2 2555. 1 .1 7 2 .0 2
2903 1 .1 4 2 .1 9 3655 1 .4 4 1 .9 2
a ve 2 .1 1 4385 1 .8 2 2 .2 9
4985 1 .9 2 2 .2 0
ave 2 .2 3
2 23
k (d a y 8 ~ l)2 — —  x  1 4 4 0 = 1 0 1 .3  k (d a y s_ 1 )= -—  x  1 4 4 0 = 8 0 .3
.0 0 3  * x
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TABLE 1-B




BC1 .008N  
10® x  C one, 
o f  B .P .B .  






HCl 0 .0 8 R  
10® x  C one, 
o f  B .P .B .  
r e g e n e r a te d
103kH
(rain"
713 0 .6 0 0 4 .0 3 23 0 .4 9 9 8 .2 0
783 0 .6 5 5 4 .0 7 48 0 .8 3 3 7 .6 2
; 910 0 .7 2 0 3 .9 2 75 1 .2 5 7 .6 0
1092 0 .8 1 5 3 .8 2 93 1 .4 7 7 .6 6
1381 1 .0 4 0 4 .1 0 121 1 .7 3 7 .5 6
ave 3 .9 9 ave 7 .7 3
1 3 QQ 1 7 • 73
k ( d a y s” *^) Z——— x  1 4 4 0 = 7 1 .6    x  1440=139
* .0 0 8  0 .0 8
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TABLE I I
K in e t ic s  o f  th e  R e g e n e r a tio n  o f  Brom P h en o l B lu e  
W ater-M ethyl A lc o h o l
M e0H ,22.0£  D*65; Temp.= 55°  
HC1, 0 .0 9  H
h e OH, 25.9^6 D=63; Temp.= 35°  
HCl, 0 .0 9  K
S i n . 10  x* C one, 
o f  B .P .B .  
r e g e n e r a te d
lO 3^
(m in ~ l)
M in. 1 0 5 x  Gone, 
o f  B .P .B .
r e g e n e r a te d
1 0 5kN
(m in“^)
210 1 .2 0 2 .5 7 250 1 .2 5 2 .2 7
230 1 .2 5 2 .4 6 325 1 .3 9 2 . 0 2
250 1 .3 4 2 .5 1 355 i~> * CD 2 .0 3
265 1 .4 4 2 .5 2 390 1 .5 4 1 .9 5
280 1 .5 7 2 .7 9 475 1 .7 6 1 .9 8




a v e 2 .0 5
2 58
k(days"*^) “0 •0 9  X 1 4 4 0 -4 1 .3
i  2*05  
k( d ays ) 3^- ™  x  1 4 4 0 = 3 2 .8
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TABLE I I I
D ata f o r  W ater 1w hich i s  Q.01N in  NaCl
Norm­
a l i t y  






4 5 ° 2 5 - 3 5 °
ATp** 13
35 -4 5 ° 2 5 2 3 5 ° 2 5 -3 5 °
• 001 .1 0 4 9 184 1454
•0 0 2 .1 0 9 6 118 972
.0 0 3 .1 1 4 0 1 0 1 .3 744
•004 .1 1 8 3 8 0 .3 239 639 1 9 ,9 0 0 1 9 ,1 0 0 1 6 .5 1 6 .0
.0 0 5 .1 2 2 4 7 9 .2 222 602 1 9 ,8 0 0 1 9 ,4 0 0 1 5 .7 1 6 .1
.0 0 6 .1 2 6 5 7 7 .3 216 598 1 9 ,8 0 0 1 9 ,8 0 0 1 5 .6 1 6 .4
.0 0 7 .1 3 0 4 7 2 .0 210 568 1 9 ,5 0 0 1 9 ,4 0 0 1 6 .1 1 6 .0
.0 0 8 .1 3 4 2 7 1 .6 207 558 1 9 ,4 0 0 1 9 ,4 0 0 1 6 .0 1 6 .0
.0 0 9 .1 3 7 8 203 538 1 9 ,0 0 0 1 5 .8
.0 1 .1 4 1 4 6 8 .3 194 527 1 9 ,1 0 0 1 9 ,4 0 0 1 5 .8 1 6 .1
.0 2 .1 7 3 2 5 6 .2 168 440 1 9 ,8 0 0 1 8 ,8 0 0 1 6 .2 1 5 .5
.0 3 .2 0 0 0 5 4 .7 156 1 9 ,1 0 0 1 5 .8
.0 4 *2236 5 0 .4 147 372 1 9 ,5 0 0 1 8 ,1 0 0 1 6 .0 1 5 .0
.0 5 .2 4 4 5 4 9 .5 144 1 9 ,4 0 0 1 6 .1
.0 6 .2 6 4 6 4 8 .2 140 362 1 9 ,4 0 0 1 8 ,5 0 0 1 5 .9 1 5 .3
.0 7 .2 8 2 8 4 6 .5 139 355 1 9 ,9 0 0 1 8 ,2 0 0 1 6 .3 1 5 .1
.0 8 .3 0 0 0 139 555 1 8 ,2 0 0 1 5 .1
.0 9 .3 1 6 0 4 3 .5 363
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TABLE IV
Water and W ater-E th y l A lco h o l Media 
- — — C on stan t C om p osition  V a r ia b le  D i e l e c t r i c -   - I s o d i e l e c t r i c  V a r ia b le  Compo­
s i t i o n
HpO EtOH EtOH EtOH Db 7 1 .4 2  D* 6 5 .0 0
6.5% 1 1 .3 $  2 1 .2 $
Temp. k D k D k D k D k W^EtOH k W^StOH
25 4 3 .5 7 8 .4 2 5 .4  7 4 .9 1 4 .5  7 1 .4 5 .4 4  6 6 .3 1 4 .5  1 1 .3 4 .0 8  2 3 .5
35 7 4 .9 8 2 .9  7 1 .4 5 2 .8  6 8 .7 1 8 .2  6 3 .0 8 2 .9  6 .3 2 4 .3  1 7 .8
45  36 3 . 7 1 .4 2 3 1 . 6 8 .1 1 4 5 . 6 5 .4 5 2 .8  6 0 .0 3 6 3 .0  0 .0 1 2 5 . 1 2 .0
E2 5 ° -3 5 ° 1 7 .2 1 1 8 .4 3 1 6 .9 2 2 4 .4 6 2 4 .4 8
B350- 4 5 ° 1 6 .1 1 1 5 .6 8 1 5 .7 6 2 2 .3 3 2 4 .0 4
2 5 0 . 3 5 a 2 1 ,6 0 0 2 3 ,5 0 0 2 2 ,1 0 0 3 1 ,8 0 0 3 2 ,6 0 0
^ E 2 5 °~ 3 5 ° 2 0 ,3 0 0 1 9 ,7 0 0 2 0 ,4 0 0 28^800 3 1 ,9 0 0
TABLE V 
Tr/a ter -H eth y l A lco h o l Media 





1 5 .5 $
It D
MeOH 
2 5 .9 $  
k D
25 2 8 .4  7 4 .9 2 0 .8  7 1 ,4 1 0 * 3  6 6 .3
35 1 0 2 . 7 1 .4 7 0 .4  6 8 .7 3 2 .8  6 3 .0
45 2 6 6 . 6 8 .1 1 8 2 . 6 5 .4 9 0 .4  6 0 .0
BS 5 ° -3 6 °
1 8 .6 2 1 7 .6 3 1 6 .5 1
B3 5 ° -4 5 °
1 8 .1 1 1 6 .0 0 1 5 .5 2
■6 E  2 8 ° - 35°
2 3 ,4 0 0 2 2 ,3 0 0 2 1 ,1 0 0
3 5 ° -4 5 °
1 8 ,6 0 0 1 8 ,5 0 0 1 9 ,8 0 0
I s o d i e l e c t r i c ,  V a r ia b le  D i­
e l e c t r i c  
0 * 7 1 .4 3  D «65.00
k ^ S tC H  k W^EtOH
20*8 15*5 8*46  2 8 .6
1 0 2 . 7 .9  4 1 .3  2 2 .0
363 . 0 .0  1 8 0 . 1 5 .0
2 7 .6 6  2 1 .5 3  g
1 9 .5 0  2 1 .5 7
7 9 ,1 0 0  2 8 ,9 0 0
2 4 ,7 0 0 2 8 ,7 0 0
TABLE VI
P e r c e n ta g e  d e v i a t i o n  o f  th e  M e a s u re d  K a te  
C o n s ta n t  f r o m  t h a t  o r  W a te r  f o r  v a r io u s  T e m p e ra tu re s  
a n d  B to l p e r c e n ta g e s  o f  A lc o h o l  i n  th e  S o lv e n t *
* O l  % % d e c r e a s e  % d e c r e a s e  % d e c r e a s e
A lc o h o l  o f  r a t e  c o n s t ,  o f  r a t e  c o n s t ,  o f  r a t e  c o n s t .
f r o m  t h a t  o f  f r o m  t h a t  o f  f r o m  t h a t  o f  V
H 20  a t  2 5 °  HgO a t  3 5 °  HgO a t  4 5 °
E t h y l  A lc o h o l
2 . 5 5  4 1 . 6  4 1 . S 3 6 .3
4 . 7 4  6 5 . 2  6 2 . 8  6 0 . 2
9 . 5 3  8 7 . 5  8 7 . 2  8 5 . 4
M e t h y l  A lc o h o l
4 .5 9  3 4 . 8  2 7 . 9  2 6 . 7
9 .3 7  5 2 * 8  5 0 . 4  4 9 . 8
1 6 . 4  7 6 . 3  7 6 . 8  7 5 . 2
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LOG k3 5 = LOG k25  4- 0.500 




•  2 520H
& ®
0.25 0 300.200.15 035
w










1 .  The r e g e n e r a t io n  r e a c t io n  o f  a l k a l i  
faded, brom p h en o l b lu e  in  a c id  s o lu t io n s  was s tu d ie d  
a t  v a r io u s  i o n i c  s t r e n g t h s  in  w a ter  a t  2 5 ° , 5 5 ° ,  and 
4 5 ° .  The r e a c t io n  was a l s o  s tu d ie d  in  is o c o m p o s it io n  
and i n  i s o d i e l e c t r i c  w a t e r - e t h y l  a lc o h o l ,  and in  
w a te r -m e th y l a lc o h o l  s o lv e n t s  ov er  th e  same range  
o f  tem p era tu re  and a t  an a c id  s t r e n g t h  o f  0 .0 9 $ .
2* The p l o t s  o f  th e  lo g s  o f  th e  r a te  
c o n s ta n t s  v e r s u s  u  in d i c a t e  th a t  th e  r e a c t io n  i s  
b e tw e e n  th e  n e g a t iv e  t r i v a l e n t  c a r b in o l  io n  and th e  
p o s i t i v e  oxonium  i o n ,  o v e r  a l i m i t e d  r e g io n  o f  
i o n i c  s t r e n g t h .
3 .  Th© r a t e s  in  w a t e r - e t h y l  a lc o h o l  and 
5.n w a te r —m eth y l a lc o h o l  do n o t conform  t o  th e  
p r e d ic t io n s  o f  th e  e l e c t r o s t a t i c  th e o r y .
4 *  Lack o f  c o n fo r m ity  to  th e  e l e c t r o s t a t i c  
th e o r y  i s  p a r a l l e l e d  by v a r ia t io n s  from  t  e p r e d ic t io n s  
o f  th e  c o l l i s i o n  t h e o r y .
5 .  T h ese v a r ia t io n s  from  th e  e l e c t r o s t a t i c  
and c o l l i s i o n  t h e o r ie s  have b een  a t t r ib u t e d  to  th e  
fo r m a tio n  o f  HOHg i o n s .
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